aBSTracT Objectives: To determine if a risk score developed in hospitalised older adults in the UK in 1962 is correlated with other measures of health and if this risk score predicts death or institutionalisation in community-living older adults. Methods: A total of 1,735 older adults residing in the community in 1991 were followed over five years We replicated the original risk index, a composite score of cognitive status, disability and continence. Other measures included age, gender, education, self-rated health (SRH), life satisfaction (LS) and frailty. Death and nursing home (NH) admission were determined five years later. Results: The risk score was strongly associated with frailty, SRH and LS. The index predicted mortality and NH use: The adjusted odds ratio (95% confidence interval) from multinomial logistic regression models was 0.74 (0.69, 0.79) for death and 0.74 (0.67, 0.83) for NH. Conclusions: A risk score devised to measure inpatient rehabilitation also predicts outcomes in community-dwelling older adults. Cognition and function predict a variety of adverse outcomes in a variety of settings in different historic eras.
Background
Prognostication has been an important part of medical care since the time of Hippocrates. Prognostic indices have been developed to predict the risk of adverse events in general populations of older persons, [1] [2] [3] in hospitalised older adults 2, 4 and in those with specific disease states. 5, 6 Many of these instruments have been developed in recent decades. However, risk scores were used much earlier in the history of geriatric medicine. To evaluate an early geriatric unit, Arnold and Exton-Smith 7 devised a score that incorporated activities of daily living (ADL), instrumental activities of daily living (IADL), continence and cognition (Table 1) . They used this scale both to predict outcomes and to evaluate the success of rehabilitation. It was administered in hospital, and repeated after discharge. This score was a strong predictor of discharge to home three months later, and sensitive to clinically relevant changes in patient status.
This risk score represents an early frailty measure, and is remarkably similar to more recent measures of frailty, which also try to quantitate risk and vulnerability of older people. The importance of cognitive and functional status was recognised in this early score. Over the intervening decades, a large body of literature has developed that has documented the importance of these factors, both as prognosticators and as outcomes. Yet they are not universally incorporated into clinical decisions or administrative decisions, which increasingly focus on technical and biological measures and interventions. The original scale itself was never widely disseminated.
This scale was devised prior to modern methods of scale development and validation, 8 but is easily performed and measures clinically important factors. It could be used to measure risk for clinical and administrative reasons in a variety of settings, including community populations. One of the criticisms of current risk instruments is that they have not been validated in populations different from the derivation cohort. 9 We therefore sought to validate the scale, as closely as possible, in a very different population at a very different time, using an existing data set that included similar variables. Reinforcing the importance of measuring physical and cognitive functioning in all care settings and at various historic periods is needed to ensure that they are not forgotten in the modern era, which focuses increasingly on technical measures. Specifically, the objectives were:
1. To determine if a modified risk score developed in hospitalised older adults in the UK in 1962 is correlated with measures of health and frailty; 2. To determine if this risk score predicts death or institutionalisation in community-dwelling older adults over a five-year period; and 3. To determine if a very straightforward modification considering age and gender further increases the predictive accuracy for death or institutionalisation.
MeThodS

Sample
Manitoba is a province in the prairie region of Canada. It had a stable population of 1,091,940 in 1991, with 13.4% elderly. 10 Data used in this study are from the Manitoba Study of Health and Aging (MSHA), a prospective cohort study conducted in conjunction with the Canadian Study of Health and Aging (CSHA). 11 The MSHA enriched the CSHA sampling frame, including participants from all regions of the province, and added extra measures. The MSHA received ethics approval from the Research Ethics Committee of the University of Manitoba and adhered to the Helsinki Declaration. Informed consent was obtained from the participants or the appropriate proxy.
Persons over the age of 65 who were living in the community were randomly selected according to health region and age group from a list provided by Manitoba Health. Since healthcare is universal in Manitoba, this is one of the most complete listings of residents available. There was an over-sampling of the oldest (>85 years). The original survey was conducted in 1991/92, and follow-up was conducted in 1996/97. Initially, 2,890 people were selected. Of these, 443 refused to participate, 480 were not eligible (had died, entered a nursing home or were too ill), 162 could not be located and 54 did not complete the screening questionnaire. There were ten participants who were missing data necessary to recreate the risk score, and six whose time 2 status was unknown. This resulted in a sample of 1,741 for cross-sectional analyses and 1,735 for prospective analyses.
Measures
Trained interviewers visited the participants in their homes. Age, gender, living arrangement, education and self-rated health (SRH) 12, 13 were all self-reported. After the ADL questions, participants were asked: 'How much do your health troubles stand in the way of doing the things you want to do? Not at all; a little; a great deal.' Life satisfaction (LS) was assessed using the TerribleDelightful Scale.
14 There were 12 questions, each rated on a seven-point Likert-like scale, scored from 0 (terrible) to 7 (delightful). We considered two items: health ('The present state of your general health [relatively free of common chronic illnesses]'), and general LS ('Now, how do you feel about your life as a whole right now? Is your life generally dissatisfying, satisfying, etc.?').
We also considered two measures of frailty -the brief measure of frailty 15 and the Frailty Index. 16, 17 Both of these measures were defined according to the original definitions. The brief measure of frailty is a measure of disability and cognition, which is graded from 0 (no frailty) to 4 (severe frailty). The Frailty Index is a tally of self-reported health complaints, diseases, risk factors and impairments. It measures 40 items, each scored 0 to 1. These are summed and divided by the number of deficits considered.
Risk score
We attempted to replicate the original risk score as closely as possible in the MSHA. The original score used direct observation of which ADLs the participant was able to do, whereas the MSHA used self-report. The original score included one item which the MSHA did not: the ability to transfer from a chair. The original score used a three-point measure of urinary incontinence, where we used a two-point item. Finally, the measure of cognition used in the original risk score was not reported, where the MSHA used the modified Minimental State Examination (3MS) 18 from which the Minimental State Examination (MMSE) 19 could be derived. The scale was devised before the MMSE was used, and there were few reliable and valid cognitive measures, although some were being devised at the same time. 20, 21 Otherwise, the score could be replicated very closely.
To measure cognitive status, we considered the MMSE. There were no comatose participants. We considered severe impairment to be less than 20; moderate impairment to be an MMSE of 20-23; mild impairment to be an MMSE of 24-26; and normal to be greater than 26. We considered different categories, which gave similar results. Continence was measured with the question: 'Do you ever lose control of your bladder?' and was scored yes/no. Functional status was measured using the Older Americans Resource Survey (OARS), 22 with some additional items unique to the MSHA.
Participants were asked about their ability to perform basic ADLs (eating, dressing, grooming, getting in and out of bed, taking a bath or shower and ability to use the bathroom), IADLs (using the telephone, getting to places out of walking distance, going shopping, preparing meals, doing housework, taking medication[s], managing money) and ambulation. These were all initially coded as: without any help; with help from a device; with some help from a person; with help from a device and a person; and unable to do. To replicate the scale, we used items matching those of Arnold and Exton-Smith (Table 1) . Since the weather can occasionally be inclement, the MSHA included two items on the ability to go outdoors: 'Can you go out of doors in good weather?' and 'Can you go out of doors in any weather?' We considered the ability to go in out in good weather for these analyses, since it is likely more generalisable to other regions.
For all the items in the original risk score, we used the corresponding item from the OARS. Since age and gender remained significantly associated with mortality and institutionalisation, we modified the score by adding a point for male gender, and by adding a point for each five-year age grouping after the age of 65.
Outcomes
We used the status five years later. Death was ascertained by proxy, administrative data or vital statistics data. Nursing home (NH) placement was measured at time 2 by proxy report or administrative data. Some participants were admitted to a NH and then died within the fiveyear interval. We considered these individuals within the deaths, and not a NH.
Analysis
For bivariate analyses, we used chi-square tests for categorical variables. For continuous variables, we used Student's t-tests (assuming unequal variance). To determine if the risk score predicted death or institutionalisation over the five-year period, we constructed multinomial logistic regression models. Here, we adjusted for age, gender and education. The outcomes were dead at time 2 vs in a NH at time 2 vs alive and in the community at time 2. To determine the predictive accuracy, we constructed receiver operator characteristic (ROC) curves and used the original risk score as well as the score that considered age and gender. We then calculated the area under the curve (AUC) for the ROC curve using a c-statistic. We also considered each item individually in sensitivity analyses. Data manipulation and graphs were done in SPSS 8 (SPSS Inc., Chicago) and data analysis was done in Stata 10 (Statacorp, College Station).
reSulTS
The mean score was 24.3 (SD 2.0). The baseline characteristics of the sample are shown in Table 2 . Those with lower scores on the risk score were older and had less education. The score was strongly related to other measures of health and well-being: those with lower scores were more likely to report poor SRH, have lower levels of LS with health, lower levels of LS overall, and report more troubles with daily living. The risk score was correlated with the brief frailty measure (Spearman's correlation coefficient of 0.64, p<0.001), and the Frailty Index (Pearson's correlation coefficient of 0.64, p<0.001). At the time 2 follow-up, 414 participants were dead, 120 were in a NH, and 1,201 were living in the community. Those with lower risk scores were much more likely to die or be living in a NH. This effect appeared to be a gradient across the range of the score (Figure 1 ). This effect persisted after adjustment for age, gender and 1 The risk score predicts death and NH placement over a five-year interval in community-dwelling older adults. education (Table 3 ). Age and gender remained strongly predictive for death and institutionalisation as well. Furthermore, each item of the scale predicted both of these outcomes. Self-rated health, LS with health, health troubles interfering with ADLS, and both measures of frailty were also associated with death and NH admission.
We constructed ROC curves. The risk score was fairly accurate in predicting death over the five-year period, with an AUC (95% CI) of 0.69 (0.66, 0.72). This was superior to either the AUC for either the brief frailty measure (AUC=0.62) or the Frailty Index (AUC=0.63). This accuracy was increased when age and gender were considered in the risk score: the AUC for this modified score was 0.74 (0.71, 0.77). The risk score also predicted admission to a NH over the five-year interval (here, we included all 211 participants who had been admitted into a NH, whether they were dead or alive at time 2). The AUC for the original score was 0.76 (0.72, 0.80); and 0.81 (078, 0.84) for the score modified by age and gender.
diScuSSion
We have found that a risk prediction score developed in 1962 for the assessment of older adults in hospital is associated with broad measures of health and frailty in older adults in the community in the 1990s. Furthermore, this simple instrument predicts death and institutionalisation with surprising accuracy. Indeed, the predictive accuracy is comparable with many modern risk measures, and superior to measures of frailty in predicting death. In spite of very different populations at very different times, functional status and cognitive status strongly predict adverse outcomes.
There are both strengths and limitations to our approach. First, we were unable to exactly replicate the score, since one item was missing from our data set (the ability to transfer from a chair). Furthermore, the measurement of cognitive status was not clear in the original paper, and we therefore used categories of the MMSE. Second, we lacked the data to recreate more modern risk instruments, which often measure medical conditions or biomedical factors. We therefore cannot compare the risk instrument with more current risk indices. However, we were able to compare it with more recent measures of frailty, compared with which it performs well. Strengths of our approach are that we had other reliable and valid measures of health and well-being which were gathered by trained interviewers. We also had a sample drawn from a representative population-based sampling frame of an entire province. This broadens the generalisability of the original score. There was also complete data collection, and few participants had missing data at time 2.
Further validation in other data sets of other populations would be important. In particular, more recent cohorts and samples in clinical settings would help to validate the scale further, and to generalise the findings to other populations. We also noted the strong effect of simple self-reports, such as SRH on mortality. This association was also noted some time ago, 13 yet simple SRH is often not considered in clinical settings.
Our findings are important for several reasons. First, the importance of functional and cognitive status is reinforced. These factors are very strongly associated with other measures of health, and very strong predictors of outcome. While this has been long noted, they may not always be incorporated into clinical decisionmaking 23 or in case mix adjustment tools which tend to focus predominantly on biomedical and physiologic data. 24 Second, the negative effect of accumulating deficits has been apparent for a long time, and current measures of risk and frailty have marked similarities to this older scale. The risk score of Arnold and ExtonSmith could be seen as the precursor to more contemporary frailty measures, which are in turn based on the tradition of comprehensive geriatric assessment and a third important finding is that simple self-reported measures predict outcomes. All the items we considered were easy to gather, inexpensive and should be routine in clinical practice. A central feature of geriatrics is the acceptance of complexity. Yet there is a parallel tradition of simply asking people about their health, and considering these broad general assessments. 25 Finally, the importance of function and cognition is seen across settings and time. Factors that predicted adverse outcomes in hospitalised older adults also predicted adverse outcomes in community-dwelling older adults. Attention to these factors across care settings has also been central to the practice of geriatrics. Indeed, one of the authors of the original scale (Exton-Smith) broadened the scope of his inpatient practice to conduct home visits. 26, 27 We do not expect that this exact tool will be widely used. It does not have the predictive validity to identify with complete accuracy those who will die. Indeed, it is unlikely that such a tool will ever be developed, or is even desirable. 
